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ABSTRACT

Yucca Mountain in southern Nye County, Nevada, has been proposed as a
potential site for the underground disposal of high-level nuclear waste. An
exploratory drill hole designated UE25p#1 was drilled 3 km east of the pro-
posed repository site to investigate the geology and hydrology of the rocks
that underlie the Tertiary volcanic and sedimentary rock sequence forming
Yucca Mountain. Silurian dolomite assigned to the Roberts Mountain and Lone
Mountain Formations was intersected below the Tertiary section between a depth
of approximately 1244 m (4080 ft) and the bottom of the drill hole at 1807 m
(5923 ft). These formations are part of an important regional carbonate aqui-
fer in the deep ground-water system.

Tertiary units deeper than 1139 m (3733 ft) in drill hole UE25p#1 are
stratigraphically older than any units previously penetrated by drill holes at
Yucca Mountain. These units are, in ascending order, the tuff of Yucca
Flat(?), an unnamed calcified ash-flow tuff, and a sequence of clastic depos-
its. The upper part of the Tertiary sequence in drill hole UE25p#1 is similar
to that found in other drill holes at Yucca Mountain.

The Tertiary sequence is in fault contact with the Silurian rocks. This
fault between Tertiary and Paleozoic rocks may correlate with the Fran Ridge
fault, a steeply westward-dipping fault exposed approximately 0.5 km east of
the drill hole. Another fault intersects UE25p#1 at 873 m (2863 ft), but its
surface trace is concealed beneath the valley west of the Fran Ridge fault.
The Paintbrush Canyon fault, the trace of which passes less than 100 m
(330 ft) east of the drilling site, intersects drill hole UE25p#l at a depth
of approximately 78 m (255 ft). The drill hole apparently intersected the
west flank of a structural high of pre-Tertiary rocks, near the eastern edge
of the Crater Flat structural depression.



INTRODUCTION

Yucca Mountain in southern Nye County, Nevada (fig. 1), has been proposed
as a site for the underground disposal of high-level nuclear waste. The U.S.
Geological Survey is participating in geologic investigations of the Yucca
Mountain site under an agreement with the U. S, Department of Energy (Nevada
Nuclear Waste Storage Investigations Project).

Yucca Mountain comprises a series of north-trending, eastward-tilted
structural blocks that are bounded by westward-dipping Cenozoic faults
(figs. 2, 3). The blocks consist of a sequence of Miocene ash-flow tuff, tuff
breccia, lava flows, and tuffaceous sedimentary units, which are known to be
more than 1830 m (6000 ft) thick from previous drilling at Yucca Mountain.
The Tertiary rocks were inferred to be as much as 3400+400 m thick under
Crater Flat (fig. 3) to the west of Yucca Mountain by Snyder and Carr (1982)
on the basis of their geophysical interpretations; the depth to pre-Tertiary
rocks in Crater Flat was estimated as 3200 m (approx. 10,500 ft) on the basis
of seismic reflection surveys (H. D. Ackerman, W. D. Mooney, N. B. Snyder, and
V. Sutton, USGS, written commun., 1985).

Previous estimates of the lithology and distribution of pre-Tertiary
rocks beneath Yucca Mountain all were based on the interpretation of geophys-
ical and surface geologic data (Snyder and Carr, 1982; Bath and Jahren,

1984). The nearest exposures of pre-Tertiary rocks are 15 km or more from the
Yucca Mountain site (fig. 1). Consequently, an exploratory drill hole, desig-
nated UE25p#1, was drilled to study the geology, hydrology, and geophysical
properties of the rocks that make up the pre-Tertiary basement of Yucca
Mountain.

SCOPE AND PURPOSE OF THE PROJECT

Pre-Tertiary rocks in the region surrounding Yucca Mountain mainly are:
1) Precambrian crystalline rocks, 2) upper Proterozoic and Paleozoic sedimen-
tary and metasedimentary rocks, and 3) Mesozoic plutonic rocks. Upper
Proterozoic and Paleozoic stratified rocks were considered most likely to form
the pre-Tertiary basement at the Yucca Mountain site (Snyder and Carr, 1982;
Bath and Jahren, 1984), but the possibility that a Mesozoic or Tertiary pluton
lies beneath the north end of the site also was discussed by Snyder and Carr
(1982) and Carr (1984).

Precambrian crystalline rocks occur in the Death Valley area, 60 km or
more southwest of Yucca Mountain (fig. 1), but they are areally less signifi-
cant in the region than other pre-Tertiary rock types. Rocks similar to the
Precambrian crystalline rocks exposed in Neath Valley form the stratigraphic
basement for younger Precambrian and Paleozoic miogeoclinal strata throughout
the region. The crystalline rocks were exposed by erosion where they were
uplifted to shallow structural levels by Mesozoic and Cenozoic tectonism. It
is unlikely that such rocks occur at the pre-Tertiary surface beneath Yucca
Mountain, because structurally shallower upper Proterozoic and Paleozoic mio-
geoclinal rocks are exposed in nearby uplifted mountain ranges, and Yucca
Mountain along with adjacent Crater Flat are situated within a structural
depression involving these pre-Tertiary rocks.



















































































































































(4) A1l of the structural subsidence of the Crater Flat structural
depression is accomplished on the Bare Mountain rangefront and
Paintbrush Canyon-Fran Ridge fault zones. This assumption obvi-
ously is incorrect for Yucca Mountain where the section increment-
ally is displaced downward to the west across numerous faults
spaced from 1 to 2 km apart. Accurate reconstruction of offsets
across each of the faults, however, does not appreciably change
the position of the contacts in the structurally highest hanging
wall block beneath Crater Flat from that reconstructed assuming
that all of the displacement is on a single fault.

(5) A1l of the displacement on the graben-bounding faults is dip slip.
In Tight of the results of the orthographic projection, it is
unlikely that this assumption is correct. We interpret the belt
of Paleozoic carbonate rocks, bounded by the Mississippian-
Devonian contact on the north and the Bonanza King-Carrara contact
on the south, as continuous, although incrementally displaced by
numerous north-trending faults, between drill hole UE25p#1 and
exposures of such Paleozoic carbonate rocks at Rare Mountain. If
this interpretation is correct, then the faults that form the
Crater Flat depression have a significant component of right-
lateral strike slip, as well as a component of dip slip.

The general area that we interpret to be underlain by carbonate rocks is
depicted by a stippled pattern on figure 21. The belt of carbonate rocks
trends west-northwest connecting the surface exposures of Paleozoic carbonate
rocks at Bare Mountain with the Paleozoic rocks in drill hole UE25p#1. On the
basis of the fault geometry at Yucca Mountain, we hypothesize that this west-
northwest trending belt is the composite of a series north-northwest dipping
fault-bounded blocks that are displaced along faults of the northward-trending
set at Yucca Mountain. Under this hypothesis, each block forming part of the
carbonate belt successively should be dropped down to the west and displaced
northward in a right-lateral sense from east to west across the northward-
trending faults. A component of right-lateral strike slip approximately equal
to the component of dip-slip displacement is required along the northward-
trending faults at Yucca Mountain to explain the mismatch of the carbonate
belt across Crater Flat that results from the reconstruction on figure 21,
which only accounts for dip slip.

The hypothesized belt of carbonate rocks generally corresponds in posi-
tion with a Tobe in the 12 mGal gravity contour projecting eastward from the
UE25p#1 site toward Jackass Flats (fig 4). The belt also corresponds with
lobes in the O to 8 mGal contours projecting westward into Crater Flat. The
positive gravity anomaly traversing central Crater Flat was interpreted by
Snyder and Carr (1982) as the signature of a ridge or septum of relatively
dense Paleozoic rocks separating two calderas filled with less dense volcanic
rocks in northern and southern Crater Flat. An alternative hypothesis is that
both the weak positive gravity anomaly projecting eastward from the UE25p#1
site and the anomaly projecting westward into Crater Flat are signatures of
the west-northwest trending belt of carbonate rocks hypothesized herein. Such
a carbonate belt could produce the observed anomalies because of its higher
density relative to the shales of the Eleana Formation, which should overly
the carbonate rocks to the north, and the upper Proterozoic and lower
Paleozoic clastic rocks, which are stratigraphically below the carbonate rocks
on the south. The carbonate rocks forming the west-northwest trending belt
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also tend to be more resistant to erosion than the enveloping Paleozoic
clastic rocks. The carbonate rocks, therefore, could have formed a ridge in
the pre-Tertiary surface that, now buried beneath Tertiary volcanic rocks in
the vicinity of Yucca Mountain, would contribute to the gravity signature.

The hypothesized belt of carbonate rocks and the weak positive gravity
anomaly both project eastward toward a gravity depression in western Jackass
Flats, between the Calico Hills and Striped Hills (figs. 4 and 21)., 1If the
carbonate rocks in drill hole UE25p#1 are an offset continuation of the
exposed Paleozoic carbonate sequence in the Striped Hills, then a northward-
trending structure with significant right-lateral strike-slip displacement
should separate the Striped Hills block from the Yucca Mountain block.

Clearly, more complex models for the structure and distribution of pre-
Tertiary units in the vicinity of Yucca Mountain are permissible in terms of
the general geologic framework (see for example Carr, 1984; Robinson, 1985),
The structural model present herein is perhaps the simplest interpretation
that is consistant with geologic and geophysical data from the vicinity of
Yucca Mountain. The similarity of structural style between Bare Mountain and
the Striped Hills, however, seems to justify a simple interpretation of the
local struture in the intervening terrane. The geophysical data and limited
subsurface data from Yucca Mountain appear consistant with the simple model.

The lower carbonate aquifer (Middle Cambrian through Devonian carbonate
rocks) of Winograd and Thordarson (1975) underlies at least part of the south-
ern half of the Yucca Mountain site, with the lower clastic aquitard (Upper
Proterozoic and Lower Cambrian clastic rocks) of Winograd and Thordarson pos-
sibly underlying it and bounding it to the south. The upper clastic aquitard
(Eleana Formation) may overlie and bound the lower carbonate aquifer under the
northern part of the Yucca Mountain site. Whether the carbonate rocks that
underlie the site directly contact the belt of carbonate rocks exposed in the
Striped Hills is not known, because the position the contact hetween the car-
bonate sequence and shale of the Eleana Formation is concealed beneath Jackass
Flats, as is the structural relationship between Yucca Mountain and the
Striped Hills.
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Appendix I.
Core record for drill hole UE-25p#1

[A11 measurments on this table are in feet as reported by driller and on-site
geologist. Multiply by 0.305 to convert to meters.]

Depth of Feet Feet Percent
Core No. Interval Cored Recovered Recovery Comments
1 3445 - 3462 17 16.1 95
2 3913 - 3929 16 13.0 81
3 4185 - 4215 30 30.0 100
4 4273 - 4289 16 16.7 104
5 4289 - 4291 2 2.0 100
6 4291 - 4293 2 2.1 105
7 4293 - 4303 10 8.3 83
8 4318 - 4322 4 2.7 68
9 4322 - 4327 5 7.6 152
10 4327 - 4345 18 7.2 40
11 4345 - 4346 1 1.5 150
12 4346 - 4356 10 10.0 100 Oriented
13 4356 - 4374 18 17.6 98
14 4374 - 4392 18 18.0 100
15 4392 - 4409 17 15.3 90
16 4409 - 4415 6 6.8 113
17 4415 - 4424 9 9.8 109
18 4424 - 4442 18 18.2 101
19 4442 - 4452 10 10.0 100 Oriented
20 4452 - 4460 8 8.0 100
21 4460 - 4469 9 9.0 100
22 4469 - 4478 9 9.0 100
23 4478 - 4484 6 6.0 100
24 4484 - 4494 10 10.0 100
25 4494 - 4503 9 9.0 100
26 4503 - 4513 10 10.0 100
27 4513 - 4527 14 14.0 100
28 4527 - 4545 18 18.0 100
29 4545 - 4556 11 11.5 105
30 4556 - 4565 9 7.75 86
31 4565 - 4565 0 2.0 -- Rubble
32 4565 - 4573 8 8.8 110
33 4573 - 4578 5 5.0 100
34 4578 - 4583.5 5.5 4.5 82
35 4583.5 - 4588.5 5 5.0 100
36 4588.5 - 4589.5 1 1.0 100
37 4589.5 - 4593.5 4 3.8 95
38 4593.5 - 4598 4.5 3.4 .76
39 4598 - 4601 3 3.3 110
40 4601 - 4608.5 7.5 7.5 100
41 4608.5 - 4621 12.5 9.5 76
42 4621 - 4631 10 10.0 100
43 4631 - 4642 11 12.0 109
44 4642 - 4652 10 7.9 79
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Core record for drill hole UE-25p#1--Continued

Depth of Feet Feet %
Core No. Interval Cored Recovered Recovery Comments
45 4652 - 4660 8 8.0 100
46 4660 - 4666 6 6.0 100
47 4666 - 4666 0 3.0 Fill
48 4666 - 4675 9 1.0 11
49 4675 - 4676 1 0 0
50 4676 - 4686.5 10.5 10.5 100
51 4686.5 - 4704 17.5 16.4 94
52 4704 - 4712.5 8.5 10.0 118 Oriented
53 4712.5 - 4724 11.5 11.0 96
54 4724 - 4742 18 18.0 100
55 4742 - 4761 19 19.0 100
56 4761 - 4762 1 0.3 30
57 4762 - 4766 4 3.5 88
58 4766 - 4772 6 6.0 100
59 4772 - 4783 11 10.8 98
60 4783 - 4794 11 9.9 90
61 4794 - 4802 8 7.8 98
62 4802 - 4813 11 10.2 93
63 4813 - 4831 18 1.5 8
64 4831 - 4840 9 0.25 3
65 4840 - 4850 10 11.5 115
66 4850 - 4862 12 12.0 100
67 4862 - 4863 1 0.5 50
68 4863 - 4872 9 9.2 102
69 4872 - 4875 3 2.0 67
70 4875 - 4883 8 6.0 75
71 4883 - 4893 10 10.0 100
72 4893 - 4902 9 9.0 100
73 4902 - 4906 4 3.2 80
74 4906 - 4912 6 3.0 50
75 4912 - 4920 8 8.1 101
76 4920 - 4924 4 4.0 100
77 5900 - 5902 2 2.0 100
78 5902 - 5909 7 4.0 57
79 5909 - 5914 5 4.5 90
80 5914 - 5923 9 4.0 44
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Appendix II.

Lithologic log for drill-hole UE25p#1 -- Revised 04-21-84

Depth Thickness
of interval of interval
m m Stratigraphic assignment and 1ithology
(feet) (feet)
QUATERNARY DEPOSITS
0-15 15 Colluvium, alluvium, and eolian sand; poorly to moderately sorted, fine- to
(0-50) (50) very coarse grained pebbly sand. Unit contains clay and carbonate cemented
clasts of very pale brown (10YR 7/4) to yellowish-brown (10YR 5/4), moderate-
to well-sorted, fine to medium sand, probably ealian. Hollow carbonate-
cemented root casts as much as 2.6 ¢cm long common throughout interval., White
(10YR 8/2) laminated carbonate cemented plates of fine- to medium-grained
sand reworked from Stage IV calcrete also are present. Partial carbonate
coatings occur on 25 percent to 50 percent of pebble and sand casts. Pebbles
mainly are welded tuffs,
15-39 24 Alluvium; poorly to moderately sorted, coarse-grained sandy pebble gravel,
(50-128) (78) Becomes well-sorted below approximately 27 m (90 ft). Pebbles angular to
subround. Most clasts are welded tuff, but as much as 35 percent of clasts
are white (10YR 8/1) pumice, and rare vitrophyre clasts also are present, A
few laminated carbonate-cemented fine-sand plates persist through the
interval,
TIMBER MOUNTAIN TUFF
Rainier Mesa Member
39-52 13 Tuff; ash-flow ar ash-fall, pinkish-gray (5YR 8/1), vitric. Pumiceous matrix
(128-170) (42) contributes approximately 97 percent of rock volume. Phenocrysts consist of

quartz (55 percent of total phenocryst), sanidine (20 percent), plagioclase
(20 percent), biotite (4 percent), hornblende (1 percent). Also contains
sparse fragments of moderate-yellowish-brown (10YR 5/4) and moderate-reddish-
brown {10R 4/6) silicic volcanic rock. Base of interval located on the basis

of drill-bit cuttings.

- = =UNCONFORMIT Y~~~
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PAINTBRUSH TUFF

Bedded tuff

52-55 3 Tuff; ash-fall, grayish-orange-pink (5YR 8/1); argillized matrix. Contains
(170-180) (10) abundant white (N3) to pinkish-gray (5YR 8/1) pumice. Phenocrysts are
approximately 4 percent of rock volume and consist of sanidine (60 percent),
plagioclase (30 percent), biotite and opaques (3 percent), hornblende
(1 percent), and sparse sphene and quartz. Also contains sparse fragments of
dusky-red (5R 3/4), very dark red (5R 3/4), and medium-bluish-gray (58 5/11)
silicic volcanic rock. Base of interval located on the hasis of drill-bit

cuttings.

Tiva Canyon Member

55-67 12 Tuff; ash-flow, moderate-brown (5YR 4/4), devitrified, densely welded.

(180-220) (40) Contains vapor phase crystallization. Commonly contains grayish-red-purple
(5RP 4/2) pumice; less commonly contains yellowish-gray (5Y 7/2) pumice.
Phenocrysts are approximately 15 percent of rock volume and consist of
sanidine (85 percent), plagioclase (5 percent), biotite (3 percent),
clinopyroxene (2 percent), opaque oxides (1 percent), sparse perrierite and
hornblende, and trace of zircon, Also contains 1 percent fragments of very
light gray (N8) silicic volcanic rock. Base of interval located on the basis

of drill-bit cuttings.

67-76 9 Tuff; ash-flow, pale-red (5YR 6/2), devitrified, densely welded. Contains
(220-250) (30) vapor phase crystallization. Commonly contains medium-gray (N5) pumice; less
commonly contains yellowish-gray (5Y 7/2) pumice. Phenocrysts are
approximately 15 percent of rock volume and consist of sanidine (90 percent),
plagioclase (6 percent), biotite (2 percent), opaque oxides (1 percent), and
clinopyrox (1 percent). Also contains 1 percent fragments of very light gray
(N8) silicic volcanic rock. BRase of interval located on the basis of drill-

bit cuttings.,

76-78 2 Tuff; ash-flow, pale-red (10R 6/2) to grayish-red {10R 4/2), devitrified,
(250-255) (5) densely welded. Contains sparse medium 1ight gray (N6) to very 1ight gray
(N8) pumice. Phenocrysts are 3 percent of rock volume and consist of sani-
dine (95 percent), a few percent each of biotite and opaque oxides, and

traces of zircon. Also contains very sparse fragments of 1ight-gray (N7)
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78-81
(255-267)

81-116
(267-380)

116-153
(380-500)

153-204
(500-670)

(12)

35
(113)

37
(120)

51
(170)

silicic volcanic rock. Base of interval located on the basis of induction

log.t

Fault zone; inferred on the basis of geophysical logs and missing

stratigraphic sequence.

Topopah Spring Member

Tuff; ash-flow, grayish-red (5R 4/2), devitrified, densely welded.

Contains sparse white (N9), medium-gray (N5), and pale-red (5R 6/2) pumice.
Phenocrysts are approximately 2 percent of rock volume and consist of
sanidine (50 percent), plagioclase (40 percent), biotite (5 percent), opaque
oxides (4 percent), and quartz (1 percent). Also contains less than 1
percent fragments of light-gray (N7) silicic volcanic rocks. Base of

interval located on the basis of drill-bit cuttings.

Tuff; ash-flow, grayish-red-purple (5RP 4/2), devitrified, moderately

welded. Contains sparse white (N9) and medium 1ight gray (N6) pumice.
Phenocrysts are approximately 1 percent of rock volume and consist of
sanidine (50 percent), plagioclase (40 percent), biotite (5 pecent), opaque
oxides (4 percent), and quartz (1 percent). Also contain less than 1 percent
fragments of light-gray (N7) silicic volcanic rocks. Base of interval

located on the basis of drill-bit cuttings and density log.

Upper lithophysal zone extends from 123 to 151 m (403 to 495 ft) on the basis
of television camera and density logs (upper and lower contacts are

gradational).

Tuff; ash-flow, moderate-brown (5YR 3/4), light-brown (5YR 5/6) and moderate-
yellowish-brown (10YR 5/4) mottled, devitrified, moderately welded.
Phenocrysts are less than 1 percent of rock volume and consist of sanidine
(50 percent), plagioclase (40 percent), quartz (5 percent), opaque oxides

(5 percent), and traces of biotite, zircon, and apatite. Also contains less
than 1 percent fragments of very light gray silicic volcanic rock. Silica
and manganese coated surfaces are common; the degree to which coatings are
developed increases with increasing depth. Base of interval located on the

basis of drill-bit cuttings.

t See Muller and Kibler (1984) for published horehole geophysical logs.
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204-275 71

(670-900) (230)
275-287 12
(900-940) (40)
287-334 a7
(940-1,095) (155)

Tuff; ash-flow, light-brown (SYR 5/6), moderate-brown (5YR 3/4) and light-
brown (5YR 6/4) mottled, devitrified, moderately welded. Commonly contains
light-gray (N7), pale-red-purple (5RP 6/2), and grayish-orange (10YR 7/4)
pumice (listed in decreasing order of ahbundance). Phenocrysts are
approximately 1 percent of rock volume and consist of subequal amounts of
sanidine and plagioclase, traces of hiotite, opaque oxides, and apatite.
Also contains less than 1 percent fragments of very light gray silicic
volcanic rock. Silica, manganese, and vapor phase crystals commonly coat
surfaces throughout interval. Base of interval located on the basis of

drill-bit cuttings.

Tuff; ash-flow, grayish-red (5R 4/2) and dark-yellowish-orange (10YR 6/6)
mottled, devitrified, densely welded; commonly contains dark-yellowish-orange
(10YR 7/4), grayish-red-purple (5RP 4/2), light-gray (N7), and grayish-
orange-pink (10R 8/2) pumice; phenocrysts are approximately 1 percent of rock
volume and consist of plagioclase (approximately 60 percent), sanidine

(40 percent), and traces of biotite, allanite, and apatite; also contains
less than 1 percent fragments of very light gray (N8) and yellowish-gray (5Y
7/2) silicic volcanic rock; hairline fractures and surfaces coated with
silica, manganese, chalcedony, clay and fluorite occur thoughout interval;

base of interval located on the basis of drill-bit cuttings.

Tuff; ash-flow, moderate-browm (5YR 3/4) and dark-yellowish-orange

(10YR 6/6) mottled, devitrified, moderately to densely welded. Contains
common grayish-orange-pink (SYR 7/2), light-brown (10YR 6/4), and light-gray
(N7) pumice. Phenocrysts are approximately 1 percent of rock volume and
consist of subequal amounts of sanidine and plagioclase, sparse quartz, a few
percent each of opaque oxides and biotite, and traces of apatite and

zircon. Also contains less than 1 percent fragments of very light gray
(N8), yellowish-gray (5YR 7/2), moderate-reddish-brown (10R 4/6) silicic
volcanic rock. Silica, manganese and clay coated surfaces common thoughout
interval. Contains zeolite minerals mordenite and heulandite, probably along
fracture surfaces. Base of interval located on the basis of drill-bit

cuttings and induction and spectral logs.

Lower lithophysal zone extends from 197 to 290 m (646 to 952 ft) on the basis

of television camera and density logs.
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334-352 18 Tuff; ash-flow, grayish-black (N2) and light-brown (5YR 5/6) mottled,

(1,095-1,153) (58) densely welded, vitrophyric. Contains sparse moderate-reddish-orange {10R
6/6) pumice. Phenocrysts are 2 percent of rock volume and consist of
plagioclase(40 percent), sanidine (approximately 30 percent), quartz (20
percent), biotite (7 percent), and traces of apatite. Also contains less
than 1 percent fragments of very light gray (N8) and moderate-reddish-orange
(10R 6/6) silicic volcanic rocks. Calcite and clay veinlets fill perlitic
conchoidal fractures throughout the interval; calcite also occurs on fracture
surfaces, Television camera log shows mottled vitrophyre from 334 to 342 m
(1,095 to 1,120 ft), vitrophyre from 342 to 345 m (1,120 to 1,130 ft), and
mottled vitrophyre from (1,130 to 1,153 ft). Base of interval located on the

basis of spectral log.

352-381 29 Tuff; ash-flow, dark-yellowish-orange (10YR 6/6), partially zeolitized,
(1,153-1,250) (97) partially welded. Contains sparse moderate-orange-pink (10R 7/4) and light-
gray (N7) argillized pumice. Phenocrysts are approximately 1 percent of rock
volume and consist of sanidine (45 percent), plagioclase (40 percent), quartz
(5 percent), biotite (5 percent), opaque oxides (5 percent). Also contains
5 percent fragments of very 1ight gray (N8), very dusky red purple (SRP 7/2)
and moderate-reddish-brown (10R 4/6) silicic volcanic rock. Base of interval

located on the basis of drill-bit cuttings and density log.

RHYOLITE OF CALICO HILLS

381-397 16 Tuff; ash-flow, grayish-orange (10YR 7/4), zeolitized, nonwelded. Contains

(1,250-1,300) (50) abundant yellowish-gray (5Y 7/2) grayish-pink (5R 8/2), and moderate-reddish-
orange (10R 4/6) pumice, some argillized. Phenocrysts are 2 to 3 percent of
rock volume and consist of sanidine (18 to 43 percent), quartz
(11 to 65 percent), plagioclase (6 to 52 percent), biotite (5 to 9 percent),
opaque oxides (trace to 6 pecent), and traces of apatite and zircon. Also
contains 8 percent fragments of grayish-red (5R 4/2), grayish-red-purple
SR 4/2), grayish-purple (5P 4/2), and dark-yellowish-brown (10YR 4/2) silicic
volcanic rock; fragments contain abundant shards replaced by
clinoptilolite/heulanite. Base of interval located on the basis of drill-bit

cuttings.
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397-422 25 Tuff; ash-flow, pale-yellowish-orange (10YR 8/6), zeolitized, partially

(1,300-1,385) (85) welded. Contains abundant moderate-yellow-green (5GY 7/4) moderate-orange-
pink (10R 7/4), and white (N9) pumice. Phenocrysts are 1 percent of rock
volume and consist of plagioclase (60 percent), quartz (32 percent), sanidine
(4 percent), biotite (4 percent), and traces of apatite, opaque oxides, and
zircon. Contains abundant pseudomorphs of clinoptilolite/heulandite after
shards. Also contains 2 percent fragments of medium 1ight gray (N6),
moderate-yellowish-brown (10YR 5/4), dark-reddish-brown (10R 3/4), and
moderate-red (5R 4/6) silicic volcanic rock. Base of interval located on the

basis of drill-bit cuttings and density log.

Bedded Tuff

422-436 14 Tuff; bedded/reworked, dark-reddish-brown (10R 3/4), moderately to well
(1,385-1,430) (45) indurated, zeolitized. Contains abundant moderate-orange-pink (10R 7/4)

partly argillized pumice. Phenocrysts are approximately 22 percent of rock
volume and consist of plagioclase (36 to 44 percent), quartz (32 to 37
percent), sanidine (11 to 18 percent, biotite (8 to 9 percent), opaque oxides
(trace to 4 percent), and traces of zircon and apatite. Also contains 1 to
13 percent fragments of medium-dark-grey (N4) and dark-reddish-brown (10R
3/4) silicic volcanic rock. BRase of interval located on the basis of drill-

bit cuttings and density log.

CRATER FLAT TUFF

Prow Pass Member

436-479 43 Tuff; ash-flow, very 1ight gray (N8), devitrified, partially welded.

(1,430-1,570) (140) Commonly contains white (N3) and grayish-yellow (5Y 8/4) slightly argillized
pumice. Phenocrysts are 11 percent of rock volume and consist of sanidine
(38 percent), plagioclase (36 percent), quartz (22 percent), opaque oxides
(3 percent), biotite (less than 1 percent), and traces of zircon, apatite,
and perrierite(?). Also contains 1 percent fragments of grayish-red (5R 4/2)
and moderate-brown (5YR 3/4) silicic volcanic rock and dark-reddish-brown
(10R 3/4) and moderate-red (5R 5/4) mudstone, Base of interval located on

the basis of drill-bit cuttings and gamma ray and spectral logs.

64



479-512
(1,570-1,680)

512-540
(1,680-1,770)

540547
(1,770-1,792)

547-558
(1,792-1,830)

33
(110)

28
(90)

(22)

11
(38)

Tuff; ash-flow, medium-1ight-gray (N6), devitrified, partially welded, vapor
phase crystallization. Commonly contains very light gray (N8) and moderate-
orange-pink (5YR 8/4) slightly argillized pumice. Phenocrysts are 12 to 15
percent of rock volume and consist of sanidine (36 to 46 percent),
plagioclase (33 to 43 percent), quartz (16 to 21 percent), biotite (1 to 2
percent), and traces of opaque oxides, zircon, and apatite. Also contains 1
to 3 percent fragments of dark-yellowish-brown (10YR 4/2) and grayish-red (SR
4/2) silicic volcanic rock and pale-reddish-brown (10R 5/4), dark-reddish-
brown (10R 3/4) and dusky-red (5R 3/4) mudstone. Base of interval located on

the basis of drill-bit cuttings and events on all geophysical logs.

Tuff; ash-flow, dusky-yellow (5Y 6/4), devitrified, partially welded.
Contains abundant moderate-orange-pink (5YR 8/4) pumice. Phenocrysts are 13
percent of rock volume and consist of sanidine (64 percent), plagioclase (24
percent), quartz (10 percent), biotite (1.5 percent), and traces of opaque
oxides, perrierite(?), and zircon. Also contains 2 percent fragments of
black (N1), grayish-red (5R 4/2), and olive-gray (5Y 3/2) silicic volcanic
rock and dark-reddish-brown (10R 3/4) and moderate-reddish-hrown (10R 4/6)

mudstone. Base of interval located on the basis of drill-bit cuttings.

Tuff; ash-flow. grayish-orange (10YR 7/4) to moderate-reddish-orange

(10R 6/6), zeolitized, partially welded. Contains abundant pale-greenish-
yellow (10Y 8/2) to moderate-yellow-green (5GY 7/4) pumice. Phenocrysts are
approximately 9 percent of rock volume and consist of sanidine (approximately
54 percent), plagioclase (41 percent), quartz (2.5 percent), opaque oxides

(2 percent fragments of reddish-brown rimmed black (N1) silicic volcanic rock
and dark-reddish-brown (10R 3/4) and moderate-reddish-brown (10R 4/6)
mudstone. Base of interval located on the basis of drill-bit cuttings and

gamma ray, magnetometer and induction logs.

Bedded tuff

Tuff; bedded/reworked, moderate-reddish-brown (10R 4/6), zeolitized.
Commonly contains moderate-yellow-green (5GY 7/4) zeolitic pumice and
grayish-orange-pink (10R 8/2) argillized pumice. Phenocrysts are approxi-
mately 7 percent of rock volume and consist of sanidine (approximately 35
percent), quartz (30 percent), plagioclase (25 percent), and biotite (10
percent). Base of interval located on the hasis of drili-bit cuttings and

density log.
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558-581
(1,830-1,905)

581-595
(1,905-1,950)

595-656
(1,950-2,150)

659-683
(2,150-2,240)

23
(75)

61
(200)

27
(90)

Bullfrog Member

Tuff; ash-flow, pale-dbrown (5YR 5/2) to light-brownish-gray (5YR 6/1),
devitrified, non- to partly welded. Commonly contains white (N9) to very
light gray (N8) pumice and less commonly pale-yellowish-brown (10YR 6/2) to
dark-yellowish-brown (10R 4/2) and yellowish-gray (5Y 8/1) pumice with some
vapor phase crystallization near the top of the interval. Phenocrysts are
approximately 12 percent of rock volume and consist of sanidine (approxi-
mately 50 percent), quartz (30 percent), plagioclase (12 to 15 percent),
biotite (3 to 6 percent), opaque oxides (2 percent), and traces of zircon and
apatite. Also contains as much as 5 percent fragments of olive-gray (5Y 4/1)
or olive-black (5Y 2/1) silicic volcanic rock. Base of interval located on

the basis of drill-bit cuttings and density log.

Tuff; ash-flow, moderate-brown (5YR 3/4), devitrified, partially welded.
Commonly contains very light gray (N8) pumice and dark-yellowish-orange
(LOYR 6/6) and grayish-purple (5P 4/2) devitrified pumice. Phenocrysts are
20 percent of rock volume and consist of plagioclase (42 percent), sanidine
(35 percent), quartz (18 percent), biotite (5 percent), opaque oxides (less
than 1 percent), and traces of zircon and apatite. Also contains less than
1 percent fragments of grayish-red (5R 4/2) silicic volcanic rock and

0.5 percent calcite. Base of interval located on the basis of drill-bit
cuttings, and porosity, epithermal neutron, induction, magnetometer, gamma

ray, and spectral logs.

Tuff; ash-flow, 1ight-brown (5YR 5/6), pale-brown (5YR 5/2), mottled,
devitrified, moderately welded. Contains abundant light-brown (5YR 5/6)
pumice. Phenocrysts are 23 percent of rock volume and consists of plagio-
clase (38 percent), sanidine (37 percent), quartz (22 percent), biotite

(2 percent). Also contains fragments of dusky brown (5YR 2/2), dark-reddish-
brown (10R 3/4), and blackish-red (5R 2/2) silicic volcanic rock., BRase of
interval located on the basis of drill-bit cuttings and induction and epi-
thermal neutron logs (events on density and porosity logs occur at 2,160 ft

(659 m).

Tuff; ash-flow, grayish-orange (10YR 7/4) to dark-yellowish-orange

(10YR 6/6), zeolitized, non- to partially welded. Commonly contains pale-
orange, (10 YR 8/2), light-brown (S5YR 6/4), and moderate-olive-brown (5Y 4/4)
pumice. Phenocrysts are 9 percent of rock volume and consist of plagioclase

(42 percent), sanidine (27 percent), quartz (18 percent), biotite
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(9 percent), opaque oxides (4 percent), rare zircon and traces of apatite.
Also contains less than 1 percent fragments of dusky red (5 R 3/4), pale-
reddish-brown (10R 5/4) and grayish-red (5R 4/2) silicic volcanic rock. Base
of interval located on the basis of drill-bit cuttings and induction,

magnetometer, and spectral logs.

Bedded Tuff

683-691 8 Tuff; bedded/reworked, moderate-yellowish-brown (10YR 5/4), grayish-orange

(2,240-2,265) (25) (10YR 7/4), and moderate-reddish-brown (10R 4/6), zeolitic. Contains
abundant white (N9), very pale orange (10YR 8/2), and moderate-yellow-green
(5GY 7/4) zeolitic pumice. Phenocrysts are 12 percent of rock volume and
consist of quartz (41 percent), sanidine (31 percent), plagioclase (23
percent), biotite (2 percent), opaque oxides (2 percent), and traces of
apatite and zircon. Also contains 3 percent fragments of grayish-red (10R
4/2) and dark-reddish-brown (10R 3/4) silicic volcanic rock. Rase of

interval located on the basis of drill-bit cuttings and density log.

Tram Member

691-714 23 Tuff; ash-flow, moderate-reddish-orange (10R 6/6), zeolitized (analcime),
(2,265-2,340 (45) partially to moderately welded. Contains abundant moderate-orange-pink (10R

7/4) pumice. Phenocrysts are 12 percent of rock volume and consist of
plagioclase (33 percent), sanidine (31 percent), quartz (28 percent), biotite
(5 percent), opaque oxides (3 percent), and traces of zircon and apatite,
Also contains fragments of grayish-red (10R 4/2) and rare dark-yellowish-
brown (10YR 4/2) silicic volcanic rocks. BRase of interval located on the
basis of drill-bit cuttings and induction, gamma ray, velocity and epithermal

neutron logs.

714-778 64 Tuff; ash-flow, light-gray (N7), light-brownish-gray (5YR 6/1), and grayish-

(2,340-2,550) (210) orange-pink (5YR 7/2) with gradational color changes, devitrified, moderately
welded grading downward to partially welded. Commonly contains very light
gray (N8) pumice. Phenocrysts are 13 to 16 percent of rock volume and
consist of sanidine (26 to 39 percent), quartz (25 to 41), plagioclase (25 to
29 percent), biotite (5 to & percent), opaque oxides (0.5 to 2 percent), and
traces of apatite and zircon. Also contains 3 percent fragments of pale-
brown (5YR 5/2), dusky yellowish-brown (10YR 2/2), dusky red (5R 3/2), black
(N1}, and medium-1ight-gray (N6) silicic volcanic rock. Base of interval
located on the basis of drill-bit cuttings and epithermal neutron, porosity,

spontaneous potential, and gamma ray logs.
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778-805
(2,550-2,640)

805-820
(2,640-2,690)

820-873
(2,690-2,863)

21
(90)

15
(50)

53
(173)

Tuff; ash-flow, pale-red (5R 6/2), devitrified, partially welded. Commonly
contains white (N9) and less commonly light-red (5R 6/6) pumice., Phenocrysts
are 14 to 16 percent of rock volume and consist of sanidine (36 to

40 percent), plagioclase (25 to 32 percent), quartz (23 to 27 period),
biotite (5 to 8 percent), opaque oxides (1 percent), and traces of zircon.
Also contains 3 to 11 percent fragments of dark-reddish-hrown (10R 3/4),
grayish-red (5 R 4/2), and dark-yellowish=brown (10YR 4/2) silicic volcanic
rock and sparse calcite veinlets, Base of interval located on the basis of

drill-bit cuttings and magnetometer.

Contact between upper 1ithic fragment-poor (0 to 3 percent lithic fragments)
and lower lithic fragment-rich (7 to 12 percent lithic fragments) subunits of
the Tram Member located between 787 and 805 m (2,580 and 2,640 ft) in this

interval on basis of modal analysis of thin sections.

Tuff; ash-flow, light-brownish-gray (5YR 6/1) to grayish-orange-pink

(5YR 7/2), zeolitized (sparse clinoptilolite), partially welded. Commonly
contains very light gray (N8) pumice; less commonly contains grayish-red-
purple (5RP 4/2) pumice with some vapor phase crystallization; sparse light-
brown (5YR 6/4) pumice also is present. Phenocrysts are 11 percent of rock
volume and consist of plagioclase (37 percent), sanidine (29 percent), quartz
(26 percent), biotite (4 percent), opaque oxides (4 percent), and traces of
zircon. Also contains 12 percent fragments of grayish-red (5R 4/2), very
dusky red (10R 2/2), blackish-red (5R 2/2), and pale-yellowish-brown

(10YR 6/2) silcic volcanic rock and less than 1 percent calcite; base of
interval located the basis of drill-bit cuttings and events on all

geophysical logs.

Tuff; ash-flow, 1ight-brownish-gray (5YR 6/1) to pale-red (10R 6/2) with
gradational color changes, zeolitized (clinoptilolite), partially welded
grading downward to nonwelded. Commonly contains very 1ight gray (N8) to
white (N9) pumice, generally less than 3 mm in diameter. Phenocrysts are

13 percent of total rock volume and consist of quartz (40 percent),
plagioclase (28 percent) sanidine (27 percent), biotite (3.5 percent), opaque
oxides (2 percent), and traces of zircon. Also contains 7 percent fragments
of very dusky red (10R 2/2), dark-reddish-brown (10R 3/4) grayish-red

(10R 4/2), medium-bluish-gray (5P 5/1), and olive-gray (5Y 3/2) silicic
volcanic rock, Base of the interval located on the basis of drill-bit
cuttings and neutron porosity and gamma ray logs. Disturbed zone at faulted

base of unit approximately 2 m (6 ft) thick.
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---Fault---

LITHIC RIDGE TUFF

873-897 24 Tuff; ash-flow, yellowish-gray (5Y 8/1), zeolitized (clinoptilolite),

(2,863-2,940) (77) nonwelded to partially welded. Contains sparse white (N9) devitrified
pumice. Phenocrysts are 10 percent of rock volume and consist of plagioclase
(33 percent), sanidine (33 percent), quartz (27 percent), biotite
(4 percent), opaque oxides (2 percent), and traces of apatite, zircon, and
hornblende(?); also contains 11 percent fragments of light-brown (5YR 6/4),
olive-black (5Y 2/1), and light-brown (5YR 5/6) silicic volcanic rock and
dark-reddish-brown (10R 3/4) mudstone. Some fragments near the base have
silica coatings. Contains less than 1 percent calcite. Rase of interval

located on the basis of drill-hit cuttings and velocity log.

897-926 29 Tuff; ash-flow, moderate-yellowish-brown (10YR 5/4), zeonlitized (analcime),

(2,940-3,035) (95) nonwelded to partially welded. Contains sparse very light gray (N8) to white
(N9) pumice. Phenocrysts are 7 percent of rock volume and consist of
plagioclase (55 percent), sanidine (31 percent), quartz (4 percent), biotite
(5 percent), opaque oxides {3 percent) and traces of zircon. Also contains
13 percent fragments of lighter-brown (5YR 5/6), dark-yellowish-brown
(10YR 4/2), and olive-black (5Y 2/1) silicic volcanic rock and moderate-
reddish-brown (10R 4/6) mudstone. Contains less than 1 percent calcite.

Base of interval located on the basis of drill-bit cuttings.

926-939 13 Tuff; ash-flow, pale-yellowish-brown (10YR 6/2), zeolitized (analcime),

(3,035-3,080) (45) nonwelded to partially welded. Contains abundant argiliized white (N9), very
pale orange (10YR 8/2), and grayish-pink (5R 8/2) pumice. Phenocrysts are
approximately 10 percent of rock volume and consist of equal amounts of
plagioclase and sanidine (45 percent each) with quartz (3 percent), biotite
(5 percent), and opaque oxides (2 percent). Also contains approximately 7
percent fragments of moderate-brown (5YR 4/4), moderate-olive-brown (5Y 4/4),
1ight-brown (5YR 5/6), medium dark gray (N4), and grayish-purple (5P 4/2)
silicic volcanic rock and pale-reddish-brown (10R 5/4) and dark-reddish-brown
(10R 3/4) mudstone. Base of interval located on the basis of drill-bit

cuttings and density, velocity, and spectral gamma ray (potassium) logs.
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939-952
(3,080-3,120)

952-1,013
(3,120-3,320)

1,013-1,032

(3,320-3,385)

13
(40)

61
(200)

19
(65)

Tuff; ash flow, pate-red (5R 6/2), zeolitized, partially welded. Contains
abundant argillized white (N9), grayish-pink (5R 8/2), very pale orange

(10YR 8/2), and dark-yellowish-green (10GY 4/4) pumice. Phenocrysts are
approximately 10 percent of rock volume and consist of subequal amounts of
plagioclase and sanidine (42 percent each), biotite (6 percent), opaque
oxides (3 percent), hornblende (1 percent), and quartz (6 percent). Also
contains approximately 7 percent fragments of grayish-red (5R 4/2), moderate-
brown (5YR 3/4), dusky red (5R 3/4), and medium dark gray (N4) silicic
volcanic rock. Base of interval Tocated on the basis of drill-bit cuttings

and density, velocity, and spectral gamma ray (potassium) logs.

Tuff; ash-flow, grayish-red (5R 4/2), zeolitized (analcime and sparse
clinoptilolite), partially welded. Contains argillized, zeolitized pumice,
which is commonly white (N9), less commonly moderate-yellowish-green

(10GY 6/4), and least commonly moderate-orange-pink (5YR 8/4), Phenocrysts
are 9 to 12 percent of the rock volume and consist of plagioclase

(49 to 57 percent), sanidine (28 to 30 percent), quartz (7 to 12 percent),
biotite (4 to 7 percent), opaque oxides (2 percent), and traces of zircon and
apatite. Also contains 3 to 6 nercent fragments of moderate-reddish-brown
(10R 4/6), pale-reddish-brown (10R 5/4), grayish-red (10R 4/2), and blackish-
red (5R 2/2) silicic volcanic rock and 1 percent calcite. Base located on

the basis of drill-bit cuttings.

--=--Fault(?)--- Sheared zone on television camera log.

Tuff; ash-flow, dark-reddish-brown (10R 3/4), zeolitized, partially welded.
Commonly contains argillized very 1ight gray (N8) and a moderate-orange-pink
(10R 2/4) pumice. Phenocrysts are 10 percent of rock volume and consist of
plagioclase (53 percent), sanidine (31 percent), quartz (9 percent), biotite
(5 percent), opaque oxides (2 percent), and traces of zircon, apatite, and
hornblende(?). Also contains 5 percent fragments of pale-yellowish-brown
(10YR 6/2), dark-yellowish-brown (10YR 4/2), and light-olive (10Y 5/4)
silicic volcanic rocks and less than 1 percent calcite. Base of interval
approximately located on the basis of drill-bit cuttings and density [event
at 1,032 m (3,385 ft)], velocity [event from 1,032 to 1,034 m (3,385 to 3,390
ft)], induction [event at 1,034 m (3,390 ft)], electric [event at 1,034 m
(3,390 ft)], and neutron [event at 1,032 m (3,385 ft)] logs.

70



1,032-1,043 11 Tuff; ash flow, pale-olive (10Y 6/2), zeolitized, partially welded.

(3,385-3,420) (35) Contains argillized white (N9), very light gray (N8), and pale-greenish-
yellow (10Y 8/2) pumice. Phenocrysts are approximately 10 percent of rock
volume and consist of subequal amounts of plagioclase and sanidine (40
percent each), quartz (10 percent), and biotite (10 percent). Also contains
approximately 5 percent fragments of dusky brown (5YR 2/2), moderate-
yellowish-brown (10YR 5/4), moderate-reddish-brown (10R 4/6), and medium dark
gray (N4) silicic volcanic rock. Base of interval located on the basis of

drill=bhit cuttings.

1,043-1,064 21 Tuff; ash-flow, pale-olive (10Y 6/2), zeolitized (analcime) and albitized,

(3,420-3,488) (68) partially welded. Commonly contains fragments of pale-yellowish-green
(10GY 7/2) pumice, which generally are 0.5 to 1.5 cm in diameter; some pumice
is argillized and unflattened; also contains some argillized, strongly
flattened dusky blue (5PB 3/2) pumice fragments as long as 4 cm. Phenocrysts
are 7 percent of rock volume and consist of sanidine (18 percent), plagio-
clase (70 percent), quartz (3 percent), biotite (4 percent), opaque oxides (5
percent), and traces of zircon., Also contains 11 percent fragments of
moderate-brown (5YR 3/4), grayish-brown (5YR 3/2), dusky-yellowish-brown
(10YR 2/2), moderate-reddish-brown (10R 4/6), and very dusky red (10R 2/2)
silicic volcanic lithic fragments, which are generally less than 1.0 cm in
diameter. Base of interval located on the basis of velocity, induction and

television camera logs.
Bedded Tuff
1,064-1,068 4 Tuff; bedded/reworked/ash-flow(?). Unit evident on velocity, induction, and

(3,488-3,502) (14) television camera Yogs but not evident in drill-bit cuttings.

OLDER TUFFS OF USW-G1

Unit A
1,068-1,095 27 Tuff; ash-flow, pale-reddish-brown (10R 5/4), devitrified, sparse
(3,502-3,590) (88) zeolitization (analcime) in upper part and sparse authigenic albite,

partially to moderately welded. Commonly contains slightly argillized very
light gray (N8) pumice. Phenocrysts are 18 percent of rock volume and

consists of sanidine (approximately 50 percent), quartz (25 percent),

71



plagioclase (20 percent), a few percent biotite and opaque oxides. Also
contains less than 1 percent fragments of grayish-red-purple (5RP 4/2) and
grayish-red (10R 4/2) silicic volcanic rocks., Base of interval approximately

located on the basis of drill-bit cuttings.

1,095-1,101 6 Tuff; ash-flow, pale-olive (10Y 6/2), devitrified, argillized, albitized,

(3,590-3,610) (20) nonwelded to partially welded., Contains abundant argillized white (N9),
grayish-orange-pink (10R 8/2), and pale-green (5G 7/2) pumice. Phenocrysts
are 15 percent of rock volume and consist of plagioclase (40 percent),
sanidine (28 percent), quartz (27 percent), opaque oxides (3 percent),
biotite (2 percent), and traces of zircon, Also contains 4 percent fragments
of moderate-reddish-brown (1OR 4/6) and blackish-red (5R 4/2) silicic
volcanic rocks and less than 1 percent calcite. Base of interval located on

the basis of drill-bit cuttings and all geophysical logs.

Unit C
1,101-1,139 38 Tuff; ash-flow, light-gray (N7), argillized and calcitized, partially
(3,610-3,733) (123) welded. Contains sparse very light gray (N8) and pale-green (5G 7/2)

pumice. Phenocrysts are 16 to 22 percent of rock volume and predominantly
consist of plagioclase with biotite (10 percent), a few percent each of
sanidine, quartz, and opaque oxides, and traces of hornblende(?), zircon and
apatite. Also contains 8 to 12 percent fragments of grayish-red-purple (5RP
4/2), moderate-brown (5YR 3/4), and medium dark gray (N4) silicic volcanic
rock and approximately 5 percent calcite. Base of interval located on the

basis of drill-bit cuttings and all geophysical logs.

CONGLOMERATE
1,139-1,150 11 Conglomerate. Consists of clasts of gray carbonate, sandstone, siltstone,
(3,733-3,770) (37) argillite, ash-flow tuff, and altered ash-flow tuff in a matrix of

claystone, Base of interval located on the basis of drill-bit cuttings.

1,150-1,159 9 Conglomerate. Consists of clasts of argillite, gray carbonate rock, and
(3,770-3,800) (30) altered grayish-green (5G 5/2) volcanic rocks in a chloritized(?) claystone
matrix. Clasts of volcanic rock are more angular than the sedimentary rock

clasts. Base of interval located on the basis of drill-bit cuttings.

72



1,159-1,172
(3,800-3,844)

1,172-1,196
(3,844-3,921)

1,196-1,205
(3,921-3,950)

13

(44)

(17)

(29)

Conglomerate., Consists of clasts of light- to and dark-gray carbonate rocks,
argillite, sandstone/siltstone, ash-flow tuff, and altered ash-flow tuff in a
matrix of claystone, Base of interval located on the basis of drill-bit

cuttings and all geophysical logs.

CALCIFIED ASH-FLOW TUFF

Tuff; ash-flow, light-brownish-gray (5YR 6/1), devitrified, partially
welded, extensive carbonate alteration. Commonly contains pale-green

(106G 8/2) to pale-green (5G 7/2) argillized pumice as long as 1.5 cm (some
pumices are flattened, and the planes of flattening are inclined between

75° and 90° to the core axis but define no constant foliation). Phenocrysts
are 1 percent of rock volume and consist of calcite pseudomorphs after
plagioclase(?) (39 percent), sanidine (28 percent), quartz (22 percent),
"bleached” biotite (6 percent), opaque oxides and traces of sphene
pseudomorphs and zircon. Also contains less than 1 percent subrounded to
angular fragments of light-brown (5YR 6/4), dusky brown (5YR 2/2), and
moderate-reddish-orange (10R 6/6) silicic volcanic rock. Contains 7 percent
calcite. Base of interval located on the basis of drill-core and gamma ray

log.

Tuff; ash-flow, light-gray (N7), strongly calcified, partially welded.
Commonly contains white (N9), argillized, unflattened pumice less than

2 mm in diameter and less common medium light gray (N6), argillized,
flattened pumice as long as 8 cm. Phenocrysts are 2 percent of rock volume
and consist of quartz, opaque oxides, sanidine, calcite pseudomorphs after
plagioclase and traces of sphene. Also contains 4 percent subangular to
angular fragments of medium 1ight gray (N6), dark-gray (N3) and grayish-black
(N2) carbonate rock and mudstone, which are less than 0.5 cm in diameter;

contains more than 50 percent calcite,
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1,205-1,244
(3,950-4,080)

1,244-1,278
(4,080-4,191)

1,278-1,279
(4,191-4,195)

1,279-1,285
(4,195-4,214)

39
(130)

34
(111)

(19)

TUFF OF YUCCA FLAT(?)

Tuff; ash-flow, pale-red (5R 6/2), moderately welded. Commonly contains
white (N9), partially arigillized pumice. Phenocrysts are 10 to 13 percent
of rock volume and consist of plagioclase (32 to 50 percent), quartz

(24 to 30 percent), sanidine (20 to 28 percent), biotite (4 to 9 percent),
pseudomorphs of mafic minerals (2 percent), and 1 percent opaque oxides.
Also contains 6 to 11 percent fragments of dusky brown (5YR 2/2), moderate-
brown (5YR 4/4), and grayish-red-purple (5RP 4/1) silicic volcanic rock
including spherulitic rhyolite; abundance of volcanic rock fragments
increases with greater depth, Base of interval located on the basis of

drill-bit cuttings and porosity, density, and temperature logs.

---Fault---

LONE MOUNTAIN DOLOMITE

Dolomite; 1ight- olive-gray (5Y 6/1) dry, olive-gray (5Y 4/1) wet, non-
bedded to poorly bedded, aphanitic to very finely crystalline, moderately to
strongly brecc1ated1, Veinlets of dolomitic rock flour commonly form breccia
matrix and fracture fillings; open vugs and vugs partially or completely
filled with sparry dolomite are common along fracture surfaces and boundaries
of breccia clasts. Also contains sparse stylolites oriented to 50°to 90°
from the core axis (bit cuttings to 4,185 ft, core from 4,185,3 ft to base of

interval).

Dolomite; very-light-gray (N8) to light-gray (N7) dry, medium-1light-gray
(N6) wet, non-bedded to poorly bedded, pelloidal (oval-shaped pellets as much
as 3 to4 mmin diameter), stightly brecciated. Commonly fractured with
openings as large as 1 c¢cm x 0.5 ¢cm x 0.1 c¢m along fractures; slickensides

observed on one fracture surface (cored).

Dolomite; very-light-gray to (N8) to yellowish-gray (5Y 8/1) dry, light-
olive-gray (5Y 6/1) to light-gray (N7) wet, non-bedded to poorly bedded,
finely crystalline, slightly to intensely brecciated (intense brecciation in

10 to 20 percent of core). Fractures inclined 60° to 90° from the core axis
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1,285-1,303
(4,214-4,273)

1,303-1,314
(4,273-4,308)

1,314-1,317

(4,308-4,318)

1,317-1,329

(4,318-4,356)

1,329-1,333
(4,356-4,370)

1,333-1,338

18
(59)

3
(19)

common throughout interval; fracture with slickensides at 1,283 m

(4,208 ft). Sparse stylolites inclined 70° to 90° from the core axis
generally truncate fractures. Vugs as large as 2 c¢cm x 0.5 ¢m x 0,05 ¢m
common and are filled with laminated silty (?) dolomite locally [1,285 m

(4,212 ft)]. Anastomosing veinlets of white calcite common,

Drilled interval. Cuttings contaminated; approximately 70 percent of
cuttings are volcanic rocks from higher in the drill hole, 30 percent of

cuttings are dolomite.

Dolomite; very-light-gray (N8) dry, light-olive-gray (5Y 6/1) wet, non-
bedded to poorly bedded, finely to medium crystalline; moderately to
intensely brecciated (approximately 90 percent of interval moderately to
strongly brecciated. Zones of intense brecciation occur near fractures
inclined 0° to 30° from core axis). Contains irregular clots and abundant

anostomosing veinlets of white calcite and dolomite. Faint pellets occur at

1,309 m (4,291 ft) (cored).

Dolomite, fine- to medium-grained, light-olive-gray (5Y 6/1) to brownish-

gray (5YR 4/1). Sparse brecciated material (drilled).

DESCRIPTIONS FOR INTERVAL 1,316,1 TO 1,500.8 m (4,318.0 to 4,924,0 ft) ON BASIS OF CORE

12
(38)

(14)

Dolomite; very-light-gray (N8) dry, medium-l1ight-gray (N6) wet, non-bedded

to poorly bedded, finely to medium crystalline; slightly to intensely
brecciated. Intense brecciation occurs in discrete zones as much as several
centimeters wide along fractures. Sparse 5 mm x 1 mm vugs filled with sparry
calcite occur throughout interval, generally along fractures. Core commonly
broken along mineralized fractures, Faintly developed stylolites are common

and are oriented between 20° and 40° from the core axis.

Dolomite; white (N9) to very-light-gray (N8) dry, very-light-gray (N8)

wet, non-bedded, aphanic to finely crystalline, strongly to intensely
brecciated. Commonly as much as 80 percent of breccia consists of secondary
matrix and breccia clasts, generally are less than 0,5 mm in diameter. Core
commonly splits along steeply dipping mineralized fractures; stylolites
oriented between 10° and 45° from the core axis are common and in many

instances bound intervals with contrasting degrees of hrecciation.

Dolomite; medium-1ight-gray (N6) dry, to medium-gray (N5) wet, mottled,
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(4,370-4,386)

1,338-1,347

(4,386-4,415)

1,347-1,354
(4,415-4,438)

1,354-1,376
(4,438-4,511)

1,376-1,379
(4,511-4,522)

1,379-1,381
(4,522-4,527)

1,381-1,381
(4,527-4,529)

(29)

(23)

22
(73)

(11)

non-brecciated to moderately brecciated. Sparse steeply dipping fractures.
Stylolites oriented 80° to 90° from core axis are common. Discontinuous

veinlets less than 0.5 mm long of white dolomite occur thoughout interval.

Dolomite; medium-1ight-gray (N6) to medium-gray (N5) dry, medium-gray

(N5) wet, mottled, non-bedded, finely to medium crystalline, slightly to
intensely brecciated. Less than 10 percent of core is intensely brecciated,
and intense brecciation is confined to several discrete zones between 1,342
and 1,346 m (4,400 and 4,415 ft), which commonly are bounded by fractures.
Irregular masses and veinlets of white dolomite are common throughout

interval. Stylolites are common and typically are gently dipping.

Dolomite; very-light-gray (N8) to light-gray (N7) dry, light-gray (N7) to
medium 1ight gray (N6) wet, non-bedded to poorly bedded, faint layering
oriented 60° to 70° from core axis, very finely crystalline, non-brecciated
to stightly brecciated with several discrete zones of intense brecciation,

Commonly contains vugs and veins filled with calcite,

Dolomite; medium-1ight-gray (N6) to medium-gray (N5) dry, medium-gray (N5)
wet, non-bedded, medium crystalline, strongly to intensely brecciated with
several zones of slight to moderate brecciation. Vugs as large as

2 cmx 1.5 cmx 1 ¢cm are moderately common and preferentially occur along
fractures; calcite commonly fills fractures; blebs and veins of white sparry

dotomite comprise 25 percent of rock. Contains sparse stylolites.

Dolomite; very-light-gray (N8) dry, medium-light-gray (N6) wet, non-bedded,
finely to medium crystalline, intensely brecciated. Contains several

fractures oriented approximately 70° from the core axis and having slicken-
sides in the direction of dip. Vugs are sparse, Stylolites are common and

have both gentle and steep dips.

Dolomite; light-gray (N7) dry, medium-light-gray (N6) wet, non-bedded,
medium crystalline, slightly to moderately brecciated. Fractures common and
generally are steeply dipping. Vugs as large as 3 cmx 2 ¢cm x 1 ¢cm are

common,

Dolomite; light-olive-gray (5Y 6/1) to olive-gray {(5Y 4/1) dry or wet, non-
bedded, medium crystalline, strongly brecciated with several zones of intense
brecciation. Commonly contains vugs as large as 1 ¢cm x 1 c¢cm x 0.5 cm,
Stylolite at base of interval separates intervals contrasting in intensity of

brecciation,
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1,381-1,386
(4,529-4,544)

1,386-1,389
(4,544-4,554)

1,389-1,392
(4,554-4,565)

1,392-1,394
(4,565-4,571)

1,394-1,397
(4,571-4,579

1,397-1,407
(4,579-4,612)

(15)

(10)

(11)

(6)

10
(33)

Dolomite; light-gray (N7) to medium-light-gray (N6) dry or wet, non-

bedded, very finely to medium crystalline, moderately to strongly brecciated
with several zones of intense brecciation. Commonly contains steeply dipping
fractures filled by 0.2 to 0.3 cm thick veins of carbonate rock flour. Vugs
as large as 2 cm x 1 ¢cm x 0,5 c¢m occur throughout interval and generally are

lined with sparry dolomite.

Dolomite; dark-gray (N3) to medium-light-gray (N6) dry or wet, non-bedded,
finely to medium crystalline, sightly to moderately brecciated, fractured.
Contains anastomosing veinlets of white sparry dolomite as fracture and vug
filling; vugs generally are approximately 1 cm x 1 cm x .5 cm and occur
throughout interval. Contains poorly preserved pelmatozoan(?) debris.

Possible chert nodule at 1,386.1 m (4,544.5 ft),

Dolomite; very-light-gray (N8) to medium-light-gray (N6) dry or wet, non-
bedded, very finely to medium crystalline, moderately to strongly brecciated
with zones of slight and intensely brecciated rock. Commonly contains
fractures that separate intervals having contrasting degrees of brecciation
and that are filled with white carbonate-rock flour. Commonly contains

stylolites. Vugs are sparse and typically are coated with sparry dolomite.

Dolomite; very-light-gray (N8) to medium-light-gray (N6) dry and wet, non-
bedded, very finely to medium crystalline, strongly to intensely brec-
ciated. Fractures oriented 10° to 30° from core axis are common; white
carbonate rock flour occurs along fractures, which separate intervals having

contrasting degrees of brecciation. Vugs are sparse.

Dolomite; light-gray (N7) dry, medium-gray (N6) to brownish-gray (5YR 4/1)
wet, non-bedded to poorly bedded with faint color banding near 1,394 m
(4,572 ft), finely to medium crystalline, slightly to intensely brecciated.
Commonly contains fractures and discrete zones of intensely brecciated rock
oriented approximately 20° from core axis. Commonly contains anatomosing

veinlets of carbonate rock flour. Sparse vugs are coated with sparry

dolomite,

Dolomite; very-light-gray (N8) to medium-light-gray (N6) dry or wet, non-
bedded to poorly bedded, non-brecciated to moderately brecciated with several
discrete zones of strongly to intensely brecciated rock. Commonly contains

fractures oriented approximately 20° from core axis.
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1,407-1,416
(4,612-4,642)

1,416-1,435
(4,642-4,704)

1,435-1,476
(4,704-4,840)

1,476-1,479
(4,840-4,848)

(30)

19
(62)

a1
(136)

(8)

Dolomite; medium-dark-gray (N8) to medium-light-gray (N6) dry or wet, non-
bedded, intensely brecciated. Fractures are steeply dipping and contain

veins of carbonate rock flour. Contains sparse stylolites.

Dolomite; medium-dark-gray (N4) to dark-gray {N3) dry, medium-gray (N5) to
grayish-black (N2) wet, non-bedded to poorly bedded with intervals of
possible conglomerate or sedimentary breccia at 1,423 m and 1,433 m (4,664
and 4,698 ft) and faint layering at 1,432 m (4,696 ft), very finely to medium
crystalline, non-brecciated to strongly brecciated with several discrete
zones of intense brecciation. Commonly contains steeply dipping fractures
throughout interval; some low-angle (oriented more than 80° from core axis)
fractures coated with clay gouge occur in the lower 12m (40 ft) of interval;
vugs as large as 1 cm x 1 ¢cm x .5 cm occur along fractures; some fractures
filled by secondary dolomite; some fracture surfaces marked hy

slickensides. Irregular masses of white sparry dolomite a few millimeters in
diameter are common., Contains poorly preserved pelmatozoan(?) debris.

Contains sparse stylolite..

Dolomite; light-gray (N7) to medium-gray (N6) wet, very light gray

(N8) to light-gray (N7) dry with dark-gray (N3) to grayish-black (N2) bands
approximately two meters thick, non-bedded to poorly bedded [intervals of
possible intraforamational conglomerate at 1,436 m (4,708 ft) and several
intervals of faint layering from 1,436 to 1,458 m (4,708 to 4,780 ft)],
finely to medium crystalline, non-brecciated to strongly brecciated in
intervals in lower 18 m (60 ft). Brecciated zones are separated from unbrec-
ciated zones by fractures, Commonly contains anatomosing veinlets of
calcite., Fractures commonly mineralized with calcite. Contains sparse vugs
increasing in abundance near base of interval. Sparse stylolites with

irregular orientation.

Dolomite; medium-gray (N5) wet, medium-light-gray (N6) dry, non-bedded,
medium crystalline. Sedimentary breccia with subangular clasts, as much as 3
cm in length, of light-brownish-gray (5YR 6/1) and light-gray (N7) dolomite
in a matrix of medium-gray (N5) dolomite. Commonly contains fractures
oriented more than 80° from core axis. Commonly contains stylolites. Breaks
usually occur along fractures or stylolites and commonly are coated with
medium dark gray (N4) clay gouge. Vugs are common between 1,479 m and

1,480 m (4,848 and 4,851 ft) and typically are partially filled with calcite.
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1,479-1,502
(4,848-4,924)

1,502-1,502
(4,924-4,925)

1,502-1,580
(4,925-5,180)

1,580-1,610
(5,180-5,280)

1,610-1,668
(5,280-5,470)

1,668-1,678
(5,470-5,500)

1,678-1,693

(5,500-5,550)

1,693-1,711
(5,550-5,610)

23
(76)

Dolomite; medium-gray (N5) to medium-light-gray (N6) wet, medium-light-gray
(N6) to light-gray (N7) dry, non-bedded, medium crystallilne, non-brecciated
to strongly brecciated with several discrete zones of intense brecciation.
Some of the brecciated zones at the top and bottom of this interval may be
tectonically disrupted-sedimentary breccias or conglomerates. Steeply
dipping fractures are common. Vugs are uncommon, but where they occur they

cut fractures or separate breccia zones.

Drilled interval, no sample.

DESCRIPTIONS FOR INTERVAL 1,501 TO 1,798 m (4,925 to 5,900 ft) ON BASIS OF BIT CUTTINGS

78
(255)

30
(100)

58
(190)

10
(30)

15

(50)

18
(60)

Dolomite; medium-1ight-gray (N6) dry, medium crystalline. Contains sparse
brecciated material. Also contains white opaque, secondary calcite (possibly
as fracture coatings), calcite coatings contain slickensides in some

samples. Contains sparse vugs with sparry calcite filling.

Dolomite; medium-dark-gray (N4) dry, finely to medium crystalline, Contains

sparse to moderate amounts of brecciated material., Also contains sparse

secondary calcite and rare pyrite.

Dolomite; light-gray (N7) to medium-dark-gray (N4) dry, predominantly medium-
gray (N5), finely to medium crystalline. Contains sparse brecciated

material. Also contains sparse secondary calcite.

ROBERTS MOUNTAIN FORMATION

(GRADATIONAL CONTACT FROM 1,653 to 1,688 m (5420 to 5,536 ft)

Dolomite; medium-dark-gray (N4) dry, finely to medium crystalline. Contains

sparse brecciated material. Also contains sparse secondary calcite

Nolomite; dark gray (N3) dry, finely crystalline. Contains ahundant
brecciated material. Pyrite and flourite common in sample from 1,687 to

1,690 m (5,530 to 5,540 ft). Also contains sparse secondary calcite.

Dolomite; dark-gray (N3) dry, finely crystalline. Contains sparse brecciated

material. Also contains sparse pyrite, flourite, and secondary calcite.
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1,711-1,748
(5,610-5,730)

1,748-1,800
(5,730-5,900)

37 Dolomite; dark-gray (N3) to grayish-black (N2) dry, finely crystalline.
(120) Contains no brecciated material, but contains sparse to moderate secondary
calcite.
52 Dolomite; grayish-black (N2) dry, finely crystalline. Contains no brecciated
(170) material. Contains sparse secondary calcite and grayish-black (N2) to black

(N1) chert. Sparse slickensides occur in samples from 1,748 to 1,759 m

(5,730 to 5,750 ft).

DESCRIPTIONS FOR INTERVAL FROM 1,798 to 1,895 m (5,900 to 5,923.0 ft) ON BASIS OF CORE

1,800-1,806
(5,900-5,922)

1,806-1807
(5,922-5,923)

6 Dolomite; dark-gray (N3) dry, black (N1) wet, very finely crystalline,
(22) laminated (Yaminae oriented 70° from core axis), non-brecciated. Contains
black (N1) chert layers as much as 2 cm thick inclined 70o from core axis.

Also contains disrupted layering.

1 Dolomite; mottled, black (N1) and dark-gray (N3), medium crystalline.
(1) Commonly contains wavy mottled laminae. Also contains poorly preserved
pelmatozoan debris, sparse breccia, and fractures. Breccia clasts commonly

surrounded by calcite, Anastomosing veinlets of calcite are common.

Definition of relative adjectives modifying the degree of hrecciation as used in this appendix

Intense:

St rong:

Moderate:

S1ight:

Clasts from <1 mm to 2 mm (average size <5 mm); clasts supported by secondary matrix of rock
flour; matrix as much as 50 percent of rock volume.

Clasts generally larger than 1 cm in diameter (average 1.0 to 1.5 cm); secondary matrix
approximately 10 percent of total rock volume,

Clasts larger than 2 cm in diameter; matrix less than (5 percent of total rock volume).

Strongly fractured but discsrete clasts not developed; no secondary matrix.)
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APPENDIX III.

List of conodont faunas from drill hole UE25p#1

Depth of sample below
drill hole collar

meters U.S.G.S collec-
(feet) tion number Description of fauna
1802.8 to 1803.8 19776-SD

(5911.0 to 5914.0)

Three feet of core rubble of fine-grained grayish-black weakly brecciated
dolomite. 5.32 kg of dolostone was processed for conodonts (394 g of +20 mesh
insoluble residue) and yielded:

3
1

— N

4
458

238

Pa elements of KOCKELELLA AMSDENI Barrick
Pa elements of KOCKELELLA VARIABILIS Walliser

QULODUS sp. indet.
Pa elements
Pb element

O0ZARKODINA EXCAVATA EXCAVATA (Branson & Mehl)
Pa elements
Pb elements
M elements
Sa elements
Sb elements
Sc elements

Pa elements of OZARKODINA SAGITTA BOHEMICA (Walliser)
PANDERODUS UNICOSTATUS Branson & Mehl

PSEUDOONEOTODUS BECKMANNI (Bischoff & Sannemann)
PSEUDOONEOTODUS BICORNIS Drygant

PTEROSPATHODUS AMORPOGNATHOIDES Walliser
Pa elements
Pb elements
Sb elements

Pa elements of PTEROSPATHODUS CELLONI (Walliser)
WALLISERODUS sp. elements

indet. bar, blade, platform, and simple cone elements

This sample contains conodonts of several late Early, Middle, and early
Late Silurian conodont zones mixed together. In its type locality and most
other places, the base of the Roberts Mountains Formation begins in the latest
Llandovery (in the AMORPHOGNATHOIDES Zone). The youngest conodonts in this
sample, representatives of KOCKELELLA VARIABILIS, indicate the sample is no
older than the CRASSA Zone (earliest Ludlow) and probably no younger than the
SILURICUS Zone (late Ludlow). Conodonts from higher in the drill hole are all
of Ludlovian or Pridolian age.
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At its type locality in the Roberts Mountains, KOCKELELLA VARIABILIS
first occurs 206 m (675 ft) above the base of the Pete Hanson Creek II section
of Klapper and Murphy (1974). Rocks of this age (Ludlow) first occur at 56 m
above the base of the Hidden Valley Dolomite (56 m (184 ft) ahbove top of Ely
Springs Dolomite) at a section collected by A. G. Harris and J. McAllister in
the NW 1/4 sec. 10, T.3E., R.26N., Ryan 15-min. quadrangle, Inyo County
California.

Age: No older than CRASSA and probably no younger than SILURICUS Zone
(equivalent to Ludlovian or early Late Silurian)
CAI*=3 (indicating host rock reached 140° to 180°C).

1802.3 to 1802.6 10815-SD
(5909.3 to 5910.1)

Thinly bedded fine-grained dark-gray dolostone. 1.2 kg of rock processed
for conodonts (82 g of +20 mesh insoluble residue) and yielded:

OZARKODINA EXCAVATA EXCAVATA (Branson and Mehl)
1 Pa, 1 Sa, 2 Sc elements
6 indet. bar fragments

Conodonts from samples above and below this level in the drill hole
restrict the age of this sample to the Late Silurian (OZARKODINA EXCAVATA
EXCAVATA ranges from the early Wenlockian through Emsian--from base of Middle
Silurian to near top of Early Devonian).

AGE: Late Silurian
CAI=3 (indicating host rock reached 140° to 180°C).

1622.6 to 1625.7 10777-SD
(5320.0 to 5330.0)

Cuttings of medium- to dark-gray fine-grained dolomite. 3.8 kg of
cuttings was processed (46 g of +20 mesh insoluble residue) and yielded:

1 Sc element of OULODUS sp. indet.

OZARKODINA EXCAVATA EXCAVATA (Branson & Mehl)
Pa elements
Pb element
Sa elements
Sc elements

nNnNoOoT— B

b3
CAI is the abbreviation for Color Alteration Index of conodonts as defined
by Epstein and others (1977). Epstein and others have interpreted color
alteration of conodonts as a function of the maximum temperature reached
by the host rock during its metamorphic history and have experimentally
determined temperature ranges for various stages of color alteration,
which is classified by the Color Alteration Index (CAIL).

82



9 PANDERODUS spp. elements
40 indet. bar, blade, platform and simple cone fragments

OZARKODINA EXCAVATA EXCAVATA is one of the most common Middle and Late
Silurian conodont species but ranges through the Lower NDevonian as well. The
age of this collection can be restricted to the Late Silurian, however, on the
basis of conodonts from sub- and suprajacent samples.

Age: Late Silurian (correlative with unit D or E of dolomite of Spotted
Range)
CAI=3 (indicating host rock reached 140° to 180°C).

1598.2 to 1601,3 10778-SD
(5240.0 to 5250.0)

Cuttings of medium- to dark-gray fine-grained dolostone. 4.9 kg of
cuttings was processed (53 g of +20 mesh insoluble residue) and yielded:

O0ZARKODINA EXCAVATA EXCAVATA (Branson & Meho)
1 Sa element
1 Sb element

2 PANDERODUS UNICOSTATUS Branson & Mehl
6 indet. bar, blade and platform fragments

AGE: Late Silurian (based on conodonts in supra and sub-jacent samples);
correlative with unit D or E of dolomite of Spotted Range.
CAI=3 (indicating host rock reached 140° to 180°C).

1494.5 to 1495.1
(4900.0 to 4902.0)

3.7 kg of core was processed (94 g of +20 mesh insoluble residue): NO
CONODONTS WERE RECOVERED.

1458.8 to 1459.4 10779-SD
(4783.0 to 4785.0)

Core of medium-~ to dark-gray fine-grained dolostone. 3.5 kg of core was
processed (78 g of +20 mesh insoluble residue) and yielded:

LIGONODINA? CONFLUENS Jeppsson
Pa element
Pb element
Sb? element
indet. bar, blade, and platform fragments

ON b= b

Age: Late Silurian (based on range of LIGONODINA? CONFLUENS)
CAI=3 (indicating host rock reached 140° to 180°C).
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1423.1 10780-SD
(4666.0)

Fine-grained medium- to dark-gray dolostone. 3.7 kg of rock was
processed (91 g of +20 mesh insoluble residue) and yielded:

O0ZARKODINA CONFLUENS (Branson & Mehl)
4 Pa elements
2 Sc elements

3 PANDERODUS UNICOSTATUS Branson & Mehl
12 indet. bar, blade, and platform fragments

OZARKODINA CONFLUENS is restricted to the Upper Silurian Ludlovian and
Pridolian. Correlative with units D or E of the dolomite of the Spotted
Range.

Age: Late Silurian
CAI=3 (indicating host rock reached 140° to 180°C).

1367.0 to 1367.6

(4482.0 to 4484.0)

Fine-grained medium- to dark-gray dotostone. 3.8 kg of core was

processed (15 g of +20 mesh insoluble residue): NO CONODONTS WERE RECOVERED.

1319.1 to 1319.7 10781-SD

(4325.0 to 4327.0)

Fine-grained medium- to dark-gray dolostone. 2.9 kg of core was
processed (117 g of +20 mesh insoluble residue) and yielded:

1 Pa element of 0ZARKODINA CONFLUENS (Branson and Mehl)
1 indet. bar fragment

AGE: Late Silurian; correlative with unit D or E of the dolomite of the

Spoted Range
CAI=3 (indicating host rock reached 140° to 180°C).
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APPENDIX IV,

Description of thin sections of Paleozoic rocks from
drill hole UE25p#1

Depth of
sample
meters Description
(feet)
1283.9 Medium crystalline dolomite. No allochems are recognizable,
(4209.6) Dolomite varies from very cloudy to cloudy with some transparent
coarsely crystalline patches., These patches may have been
allochems recrystallized prior to dolomitization.
Fractures are common and are filled with aphanocrystalline
carbonate.
1308.6 Sparse dolopelbiomicrite. Dolomite is unzoned, medium crystalline,
(4290.7) generally cloudy, and mottled. Preserved allochems include pel-
letoids (as long as 1 mm), coral(?), and unidentified fossil
fragments. Original matrix not recognizable,
Fractures are common. Veins are rare and consist of carbonate and
quartz.
1309,2 Unsorted dolopelisparite. Dolomite ranges from medium to coarsely
(4292.5) crystalline, cloudy to clear. Abundant preserved pelletoids are
elipsoidal to round and range in diameter from 0.25 mm to 2 mm,
Pelletiods are surrounded by relatively clear coarsely crystal-
1ine dolomite, suggesting that they were orginally cemented with
sparry calcite.
1319.9 Dolobiomicrite. Dolomite is medium crystalline and varies from
(4327.7) clear to cloudy. Pelletoids, other allochems, and ghosts of
allochems are outlined by micritic rims. Locally brecciated.
Breccia clasts bounded by well developed stylolites, which are
highlighted by opaque minerals. Sparse patches of quartz occur
within fractures,
1329.0 Strongly fractured and brecciated, medium-crystalline dolomite.
(4357.5) Dolomite crystals typically are twinned and grain boundaries are

sutured. No recognizable depositional textures are preserved.
Breccia zones occurs along fractures and range from 0,25 mm to
4,0 mm in width. Anastomosing fractures are abundant, and
commonly merge into breccia zones and fractures filled with
breccia. Breccia clasts range from 0.1 mm to 5 mm and are
enclosed by a matrix of cloudy very finely crystalline
carbonate. Opaque minerals are distributed throughout the rock
and compose less than 1% of the rock volume.
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1335.9
(4379.9)

1348
(4421)

1370a.
(4491a)

1370b
(4491b)

1387.3
(4548.5)

1421
(4660)

Sparse dolobiopelmicrite with rare quartz grains. Dolomite is
medium crystalline and generally cloudy and clotted. Ghosts of
allochems, including pelletoids, crinoids(?), and unidentified
fragments, are commonly outlined by micritic rims.

Stylolites and fractures are common. Stylolites are subparallel to
one another, except where numerous stylolites and fractures occur
together. Fractures are both truncated by and truncate stylo-
lites.

Sparse dolopelmicrite with sparse quartz grains. The only
preserved allochems are pelletoids. The dolomite is medium
crystalline, cloudy, and mottled. Fractures and stylolites are
sparse.

Brecciated coarsely crystalline dolomite. DNolomite crystals are
cloudy and twinned, with irregular (sutured) grain boundaries,
Breccia clast range from minute (0.10 mm), angular, anhedral
dolomite crystals to polycrystalline dolomite clasts as large as
10 mm in diameter. The martix is aphanocrystalline to very
finely crystalline dolomite. Clasts greater than 2 mm in
diameter are generally fractured. Fractures are commonly marked
by a thin (0.3 mm) breccia zones. Stylolites are sparse.

Brecciated coarsely crystalline dolomite. DNolomite crystals are
cloudy and twinned, with irregular (sutured) grain boundaries.
Breccia clasts range from 0.10 mm, angular, anhedral, dolomite
crystals to very-fine polycrystalline dolomite. Clasts greater
than 2 mm in diameter are strongly fractured. Boundaries between
larger clasts and matrix are sharp and commonly marked by concen-
trations of opaque minerals.

Fractures are very common. Well developed stylolites cut across
the breccia truncating both clasts and matrix. A residue of
opaque minerals as large as 0.5 mm thick highlights the stylo-
1ites. The abundant twinned grains; small, anhedral, angular
dolomite grains in the matrix; and abundant fracturing in large
clasts suggest that this is a tectonic breccia.

Dolopelmicrite. Original micrite has been replaced by medium to
coarse crystalline dolomite. Ghosts of allochems including
pelletoids and possible fossil fragments are recognized by their
micritic rims. Fractures are abundant as are moderately well
developed stylolites.

Dolobiopelmicrite. Medium crystalline dolomite containing ghosts
of pelletoids and possibly intraclasts(?). Dolomite generally is
cloudy, but some eliipsoidal patches contain coarsely crystalline
zoned dolomite rhombs that are clear to moderately cloudy.
Fractures and stylolites are rare.
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1452
(4761)

1457.5
(4778.6)

1478.4
(4847.2)

1491
(4888)

1803
(5910)

1804
(5915)

GPO 785-523/58437

Medium crystalline dolomite with no recognizable allochems.
Sedimentary layering is preserved. The dolomite is cloudy with
clotted areas that may be replaced pelletoidal micrite. Dolomite
rhombs are untwinned and unzoned. Stylolites are sparse and
parallel layering.

Medium crystalline dolomite with no recognizable depositional
features. Dolomite is clotted and cloudy suggesting that it
replaced micrite. Fractures and stylolites are abundant (spaced
every 3 to 5 mm). Stylolites both cut and are cut by fractures,

Coarse to medium crystalline dolomite, consisting of a medium-
grained crystalline groundmass of cloudy, clotted dolomite
enclosing patches of relatively clear, coarse, zoned dolomite
rhombs. The rhombs are as large as 0.5 mm long and commonly have
interpenetrating grain boundaries. Compositional layering is
recognizable,

Fractures highlighted by opaque minerals and orange hematite(?) cut
rock in an anastomosing pattern.

Medium crystalline dolomite, with no recognizable depositional
features. Dolomite is cloudy and clotted. Fractures and
stylolites are sparse, and stylolites are poorly developed.

Sparse dolobiopelmicrite. Allochems include pelletoids, crinoids,
and unidentified fossil fragments. Pelletoids are the most
abundant allochem and are as large as 1 mm in diameter. The
matrix consists of cloudy, clotted, fine- to medium-grained
crystalline dolomite. Fine parallel lamination are preserved.
Sparse stylolites are highlighted by concentrations of insoluble
material and generally parallel layering. Fractures are rare.

Sparse dolobiopelmicrite. Allochems make up less than 1% of the
total rock, and consist of unidentified fossil fragments (brachi-
opods?). Quartz grains are scattered throughout the matrix but
constitute less than 1% of rock. Dolomite matrix is very finely
to finely crystalline, cloudy, and clotted. Layering indicated
by parallel laminations. Stylolites are common and parallel
layering. Randomly oriented calcite veins are common and appear
to be crosscut by the stylolites.
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